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FOREWORD 
Roughly 1.6 billion people, 40 percent of the world's popu- 
lation, live in urban areas today. At the beginning of the last 
century, the urban population of the world totaled only 25 mil- 
lion. According to recent United Nations estimates, about 3.1 
billion people, twice today's urban population, will be living in 
urban areas by the year 2000. 
Scholars and policy makers often disagree when it comes to 
evaluating the desirability of current rapid rates of urban 
growth in many parts of the globe. Some see this trend as foster- 
ing national processes of socioeconomic development, particularly 
in the poorer and rapidly urbanizing countries of the Third World; 
whereas others believe the consequences to be largely undesirable 
and argue that such urban growth should be slowed down. 
As part of a search for convincing evidence for or against 
rapid rates of urban growth, a Human Settlements and Services 
research team, working with the Food and Agricxlture Program, is 
analyzing the transition of a national economy from a primarily 
rural agrarian to an urban industrial-service society. Data from 
several countries selected as case studies are being collected, 
and the research is focusing on two themes: spatial population 
growth and economic (agricultural) development, and resources/ 
service demands of population growth and economic development. 
This paper focuses on urban-rural population projection 
methods and contrasts projections obtained by uniregional methods 
with those derived by biregional and multiregional techniques. 
Problems of bias and inconsistency are discussed, and the advan- 
tages of disaggregated multiregional projections are pointed out. 
A list of related papers in the Population, Resources, and 
Growth Series appears at the end of this publication. 
Andrei Rogers 
Chairman 
Human Settlements and 
Services Area 
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ABSTRACT 
Most p r o j e c t i o n s  of  urban and r u r a l  p o p u l a t i o n s  a r e  gener-  
a t e d  by models t h a t  a r e  fundamenta l ly  n o n s p a t i a l  and u n i r e g i o n a l  
i n  c h a r a c t e r .  M i g r a t i o n  s t r e a m s  a r e  t r e a t e d  a s  n e t  f l o w s ,  and 
urban and r u r a l  p o p u l a t i o n s  a r e  p r o j e c t e d  i n d e p e n d e n t l y  o f  each 
o t h e r .  T h i s  p a p e r  a r g u e s  f o r  a  m u l t i r e g i o n a l  s p a t i a l  p e r s p e c t i v e  
t h a t  i n c o r p o r a t e s  d i r e c t i o n a l  g r o s s  m i g r a t i o n  f l o w s .  D i f f e r e n c e s  
between t h e  two approaches  a r e  i d e n t i f i e d  and problems o f  b i a s  and 
i n c o n s i s t e n c y  a r e  d i s c u s s e d .  
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MULTIREGIONAL METHODS FOR SUBNATIONAL POPULATION 
PROJECTIONS 
Andre i  Rogers  and  D i m i t e r  P h i l i p o v  
Al though methods  f o r  c a r r y i n g  o u t  sys tem-wide  p r o j e c t i o n s  o f  
i n t e r d e p e n d e n t  s u b n a t i o n a l  p o p u l a t i o n s  have  been  a v a i l a b l e  f o r  
some t i m e ,  t h e y  have  n o t  been  w i d e l y  u s e d  f o r  r e a s o n s  t h a t  a r e  
n o t  a t  a l l  s e l f - e v i d e n t .  The m u l t i r e g i o n a l  methods a r e  n o t  d i f -  
f i c u l t  t o  g r a s p  a n d ,  when programmed f o r  e x e c u t i o n  on any  of  t h e  
c u r r e n t  g e n e r a t i o n  o f  c o m p u t e r s ,  t h e y  c a n  b e  u s e d  t o  summarize 
and  a n a l y z e  v a s t  q u a n t i t i e s  o f  demographic  d a t a  a t  a  v e r y  modest  
c o s t .  The i n f o r m a t i o n  t h e y  p r o v i d e  i s  o f  c e n t r a l  i m p o r t a n c e  f o r  
s p a t i a l  p l a n n i n g  and  comparab le  r e s u l t s  c a n n o t  b e  o b t a i n e d  a s  
e f f e c t i v e l y  w i t h  more c o n v e n t i o n a l  u n i r e g i o n a l  ( i . e . ,  s i n g l e -  
r e g i o n )  p r o j e c t i o n s ,  s u c h  a s  a r e  u s e d ,  f o r  example ,  by t h e  U n i t e d  
N a t i o n s  (Appendix A ) .  
T h i s  p a p e r  f o c u s e s  on m u l t i r e g i o n a l  p o p u l a t i o n  p r o j e c t i o n  
methods and i l l u s t r a t e s  some o f  t h e i r  a d v a n t a g e s  o v e r  u n i r e g i o n a l  
t e c h n i q u e s .  Because  a  l a r g e  number o f  d i f f e r e n t  s u b n a t i o n a l  p r o -  
j e c t i o n s  a r e  p o s s i b l e  w i t h i n  a n  i n d i v i d u a l  c o u n t r y ,  w e  c a n n o t  i n  
t h i s  e s s a y  c o n s i d e r  a l l  o f  t h e  c o m b i n a t i o n s  t h a t  m i g h t  b e  rele- 
v a n t .  C o n s e q u e n t l y ,  w e  s h a l l  f o c u s  o u r  a t t e n t i o n  on a  p a r t i c u l a r  
example o f  m u l t i r e g i o n a l  m a t h e m a t i c a l  demography: t h e  b i r e g i o n a l  
u r b a n - r u r a l  p o p u l a t i o n  model and  i t s  e x t e n s i o n s .  However, i t  
s h o u l d  b e  c l e a r  t h a t  t h e  methods  d e s c r i b e d  h e r e i n  a l s o  a r e  a p p l i -  
c a b l e  t o  more t h a n  two r e g i o n s ,  i n d e e d  even  t o  r e g i o n s  t h a t  a r e  
n o t  r e g i o n s  i n  t h e  p h y s i c a l  s e n s e  b u t  t h a t  a r e  s t a t e s  o f  e x i s -  
t e n c e ,  f o r  example ,  t h e  s t a t e s  o f  b e i n g  m a r r i e d ,  d i v o r c e d ,  
h e a l t h y ,  s i c k ,  employed,  and  unemployed. 
AGGREGATION AND DECOMPOSITION I N  POPULATION PROJECTION 
The l a r g e  d a t a  a n d  c o m p u t a t i o n a l  r e q u i r e m e n t s  o f  many c u r r e n t  
soc ioeconomic  f o r e c a s t i n g  a n d  p r o j e c t i o n  e f f o r t s  h a v e  s t i m u l a t e d  a  
renewed i n t e r e s t  among s o c i a l  s c i e n t i s t s  i n  t e c h n i q u e s  f o r  r educ -  
i n g  t h e  d i m e n s i o n a l i t y  o f  l a r g e - s c a l e  mode l s .  Two of  t h e  most  
commonly used  " s h r i n k i n g "  t e c h n i q u e s  t o  e f f e c t  s u c h  r e d u c t i o n s  a r e  
a g g r e g a t i o n  a n d  d e c o m p o s i t i o n  (Roge r s  1 9 7 6 a ) .  
A g g r e g a t i o n  
A g g r e g a t i o n  i n  demographic  a n a l y s i s  may b e  c a r r i e d  o u t  by 
c o n s o l i d a t i n g  p o p u l a t i o n  c h a r a c t e r i s t i c s ,  t i m e  u n i t s ,  o r  s p a t i a l  
u n i t s .  A s  i n  economic a n a l y s i s  ( e - g . ,  i n p u t - o u t p u t  m o d e l i n g ) ,  
t h e  c o n s o l i d a t i o n  e x p r e s s e s  a  s e t  o f  "new" v a r i a b l e s  a s  we igh ted  
a v e r a g e s  o f  a  s e t  o f  o r i g i n a l  " o l d "  v a r i a b l e s ,  s u c h  t h a t  t h e r e  a r e  
f e w e r  new v a r i a b l e s  t h a n  o l d  o n e s .  And, a s  i n  economic a n a l y s i s ,  
a g g r e g a t i o n  g e n e r a l l y  i n t r o d u c e s  d i f f e r e n c e s  be tween  t h e  o u t p u t s  
o f  t h e  d i s a g g r e g a t e d  a n d  t h e  a g g r e g a t e d  m o d e l s - - d i f f e r e n c e s  t h a t  
a r e  f r e q u e n t l y  r e f e r r e d  t o  a s  b i a s e s .  
C o n s i d e r ,  f o r  example ,  a  p r o j e c t i o n  of  t h e  1970 USSR t o t a l  
p o p u l a t i o n  t o  1980 o n  t h e  t h e n  p r e v a i l i n g  n a t i o n a l  r a t e  of  g rowth  
of  - 0 9  p e r c e n t  p e r  y e a r  (Appendix B ) .  The n a t i o n a l  t o t a l  o f  2 4 2  
m i l l i o n  would b e  e x p e c t e d  t o  i n c r e a s e  t o  2 6 5  m i l l i o n .  Now d i s a g -  
g r e g a t e  t h e  n a t i o n a l  p o p u l a t i o n  i n t o  u r b a n  a n d  r u r a l  components  
and  r e p e a t  t h e  p r o j e c t i o n ,  a p p l y i n g  t h e  u r b a n  and r u r a l  r a t e s  o f  
g rowth  s e p a r a t e l y  t o  e a c h  o f  t h e  two c o n s t i t u e n t  s u b p o p u l a t i o n s .  
The u r b a n  r a t e  i n  1970 was 2 . 5  p e r c e n t  and  t h e  u r b a n  p o p u l a t i o n  
s t o o d  a t  136 m i l l i o n ;  a  10 -yea r  p r o j e c t i o n ,  t h e r e f o r e ,  g i v e s  a  
1980 u r b a n  p o p u l a t i o n  o f  174 m i l l i o n .  A p a r a l l e l  c o m p u t a t i o n  f o r  
t h e  r u r a l  p o p u l a t i o n ,  u s i n g  t h e  r a t e  o f  -1.1 p e r c e n t  a n d  a  b a s e  
o f  106 m i l l i o n ,  p r o d u c e s  a  1980 r u r a l  p o p u l a t i o n  o f  9 5  m i l l i o n .  
Thus ,  r e l a t i v e  t o  t h e  d i s a g g r e g a t e d  p r o j e c t i o n ,  t h e  a g g r e g a t e d  
model u n d e r p r o j e c t s  t h e  t o t a l  by 4 m i l l i o n  i n  j u s t  10 y e a r s .  
Keyfitz ( 1 9 7 7 : 1 4 - 1 8 )  shows that such an underprojection bias 
will always occur, proving that the sum of the separate projec- 
tions of each of the parts of a heterogeneous population will 
always be greater than the projection of the sum of the parts at 
the average rate of increase prevailing at the start. The aggre- 
gation introduces a projection bias. 
Decomposition 
The fundamental idea behind decomposition is the notion that 
the analysis of a complex system containing a large number of 
interacting components can often be carried out by combining anal- 
yses of its relatively independent subsystems. 
Perhaps the most common application of decomposition in demo- 
graphic analysis is the representation of a multiregional popula- 
tion system by a collection of independent uniregional models. 
The multiregional system is modeled one region at a time. These 
single-region models may assume that each regional population is 
undisturbed by migration; more commonly, they account for the 
impact of migration by introducing the notion of net migration. 
In such a perspective outmigrants are treated as deaths and inmi- 
grants as replacements for deaths in the calculation of survivor- 
ship proportions. 
The process of decomposition generally proceeds in two 
stages. First, there is the search for disjoint subsystems, that 
is, subsets of relations that do not contain any common variables. 
If such subsystems exist, then each one can be analyzed indepen- 
dently of the others. The rearrangement and reordering that is 
part of this search is often referred to as partitioning. 
Once a large system of variables and relations has been 
either completely or partially decomposed into subsystems that 
cannot be decomposed further, additional simplification can only 
be achieved by a separation, called tearing, that simply deletes 
variables from one or more of the relations in which they appear. 
If some adjustment is introduced to take into account the effects 
of the deletion, then we have an instance of compensated tearing. 
Net migration is a form of compensated tearing inasmuch as it 
compensa tes  f o r  t h e  s e p a r a t i o n  t h a t  o c c u r s  when two s p a t i a l l y  
i n t e r d e p e n d e n t  p o p u l a t i o n s  a r e  s e p a r a t e l y  a n d  i n d e p e n d e n t l y  p r o -  
j e c t e d  i n t o  t h e  f u t u r e .  
The g rowth  a n d  change  o f  a  t o t a l  p o p u l a t i o n  t h a t  i s  t h e  sum 
o f  s e v e r a l  r e c o g n i z a b l e  s u b p o p u l a t i o n s  c a n  b e  p r o j e c t e d  w i t h  o r  
w i t h o u t  a n  e x p l i c i t  r e c o g n i t i o n  o f  d i r e c t i o n a l l y - s p e c i f i c  t r a n s -  
f e r s  among t h e  s u b p o p u l a t i o n s .  Our two s i m p l e  u n i r e g i o n a l  p r o j e c -  
t i o n s  o f  t h e  u r b a n  a n d  r u r a l  p o p u l a t i o n s  o f  t h e  S o v i e t  Union d i d  
n o t  e x p l i c i t l y  r e c o g n i z e  d i r e c t i o n a l  g r o s s  m i g r a t i o n  f l o w s  between 
u r b a n  and  r e g i o n a l  p o p u l a t i o n s .  Thus t h e y  may b e  v iewed a s  a r i s -  
i n g  o u t  o f  a  d e c o m p o s i t i o n  o f  a  b i r e g i o n a l  model t h a t  e x p l i c i t l y  
d e f i n e s  r a t e s  o f  t r a n s f e r  be tween  t h e s e  two s u b p o p u l a t i o n s .  
I g n o r i n g  t h e  two r a t e s  o f  t r a n s f e r  would b e  a  consequence  o f  t e a r -  
i n g ;  r e i n t r o d u c i n g  t h e i r  - n e t  impac t  by means o f  a  n e t  m i g r a t i o n  
r a t e  i s  a n  example o f  compensa ted  t e a r i n g .  A s  i n  t h e  c a s e  o f  
a g g r e g a t i o n ,  s u c h  a  d e c o m p o s i t i o n  i n t r o d u c e s  a  p r o j e c t i o n  b i a s .  
UNIREGIONAL VERSUS BIREGIONAL PROJECTIONS 
OF URBAN AND RURAL POPULATIONS 
There  a r e  t h r e e  p r i n c i p a l  ways o f  i n c o r p o r a t i n g  i n t e r n a l  
m i g r a t i o n  i n  r e g i o n a l  p o p u l a t i o n  p r o j e c t i o n s .  The f i r s t  f o c u s e s  
on  n e t  m i g r a t i o n ,  t h e  o t h e r  two on g r o s s  m i g r a t i o n .  N e t  m i g r a t i o n  
t o t a l s  r e v e a l  o n l y  t h e  " t i p  o f  t h e  i c e b e r g "  b e c a u s e  t h e y  d e s c r i b e  
a  d i f f e r e n c e ;  t h e y  a r e  d i f f i c u l t  t o  model b e h a v i o r a l l y  b e c a u s e  
t h c r c  i s  no such  i n d i v i d u a l  a s  a  n e t  m i g r a n t ,  and  t h e y  g e n e r a l l y  
i n t r o d u c e  a  b i a s  i n t o  t h e  p r o j e c t i o n  p r o c e s s  b e c a u s e  b o t h  t h e  nu- 
m e r a t o r  and t h e  d e n o m i n a t o r  o f  t h e  n e t  m i g r a t i o n  r a t e  a r e  chang-  
i n g .  
Gross  m i g r a t i o n  may b e  e n t e r e d  i n t o  t h e  p r o j e c t i o n  p r o c e s s  
i n  a  s i m p l e  way by c o n s i d e r i n g  o n l y  i n f l o w s  a n d  o u t f l o w s  ( a  b i -  
r e g i o n a l  p e r s p e c t i v e )  o r ,  i n  a  more complex manner ,  by k e e p i n g  
t r a c k  o f  t h e  v a r i o u s  o r i g i n s  and  d e s t i n a t i o n s  (a  m u l t i r e g i o n a l  
p e r s p e c t i v e ) .  I n  e i t h e r  c a s e ,  o n e  o b t a i n s  a  c o n s i d e r a b l e  i n c r e a s e  
i n  u s e f u l  i n f o r m a t i o n  o v e r  t h e  n e t  m i g r a t i o n  p r o j e c t i o n  (a  u n i r e -  
g i o n a l  p e r s p e c t i v e ) .  
B i a s  a n d  I n c o n s i s t e n c y  
A u n i r e g i o n a l  p e r s p e c t i v e  o f  p o p u l a t i o n  g rowth  and  change  
c a n  e a s i l y  i n t r o d u c e  b i a s e s  and  i n c o n s i s t e n c i e s  i n t o  a  r e g i o n a l  
p o p u l a t i o n  p r o j e c t i o n .  The p rob lems  a r i s e  b e c a u s e  a l l  m i g r a t i o n  
f l o w s  a r e  a s s e s s e d  o n l y  w i t h  r e s p e c t  t o  t h e  p o p u l a t i o n  i n  t h e  re- 
g i o n  o f  d e s t i n a t i o n .  Thus changes  i n  t h e  s i z e  o f  t h e  d e s t i n a t i o n  
p o p u l a t i o n ,  a r i s i n g  o u t  o f  c h a n g e s  i n  t h e  p a t t e r n s  o f  n a t u r a l  i n -  
c r e a s e  f o r  a  g i v e n  y e a r ,  w i l l  produce  a  h i g h e r  n e t  m i g r a t i o n  t o t a l  
i n  t h e  f o l l o w i n g  y e a r  and i n t r o d u c e  a  b i a s  i n t o  t h e  p r o j e c t i o n .  
Changes i n  t h e  p o p u l a t i o n  a t  t h e  r e g i o n  o f  o r i g i n  a r e  t o t a l l y  
i g n o r e d ,  a n  o m i s s i o n  t h a t  c a n  p r o d u c e  s e r i o u s  i n c o n s i s t e n c i e s  i n  
t h e  p r o j e c t i o n  p r o c e s s .  F o r  example ,  t h e  o r i g i n  p o p u l a t i o n  u l t i -  
m a t e l y  may b e  r e d u c e d  t o  z e r o ,  b u t  a  f i x e d  and  p o s i t i v e  n e t  migra-  
t i o n  r a t e  i n  t h e  d e s t i n a t i o n  r e g i o n  w i l l  n e v e r t h e l e s s  c o n t i n u e  t o  
g e n e r a t e  a  f l o w  o f  n e t  i n m i g r a n t s  f rom t h a t  r e g i o n .  
The c o n d i t i o n s  l e a d i n g  t o  b i a s  a n d  i n c o n s i s t e n c y  i n  a  u n i -  
r e g i o n a l  model may b e  i l l u m i n a t e d  by  a  r e t u r n  t o  o u r  n u m e r i c a l  
i l l u s t r a t i o n  b a s e d  on  d a t a  f o r  t h e  S o v i e t  Union. F o r  e a s e  o f  
e x p o s i t i o n ,  f i x e d  r a t e s  o f  f e r t i l i t y ,  m o r t a l i t y ,  a n d  m i g r a t i o n  
w i l l  b e  assumed t h r o u g h o u t  t h i s  p a p e r .  
The u r b a n  p o p u l a t i o n  o f  t h e  S o v i e t  Union was i n c r e a s i n g  by  
a b o u t  2 . 5  p e r c e n t  a  y e a r  d u r i n g  t h e  e a r l y  1970s .  The u r b a n  g rowth  
r a t e ,  r was t h e  outcome o f  a  b i r t h  r a t e  o f  17 p e r  1000 ,  a  d e a t h  
u  
r a t e  o f  8 p e r  1000 ,  a n  i n m i g r a t i o n  r a t e  o f  27 p e r  1000 ,  and  a n  
o u t m i g r a t i o n  r a t e  o f  11 p e r  1000 (Roge r s  197613, and  Appendix B) . 
E x p r e s s i n g  t h e s e  r a t e s  on  a  p e r  c a p i t a  b a s i s  l e a d s  t o  t h e  funda -  
m e n t a l  i d e n t i t y  
The c o r r e s p o n d i n g  i d e n t i t y  f o r  t h e  r u r a l  p o p u l a t i o n  was 
The t o t a l  n a t i o n a l  p o p u l a t i o n  o f  t h e  USSR i n  1970 was a b o u t  
242 m i l l i o n ,  o f  which r o u g h l y  136 m i l l i o n  ( 5 6  p e r c e n t )  was 
c l a s s i f i e d  a s  u r b a n .  M u l t i p l y i n g  t h i s  l a t t e r  t o t a l  by t h e  u r b a n  
growth  r a t e  g i v e s  
136 ( . 0 2 5 )  = 3 .40  m i l l i o n  
a s  t h e  p r o j e c t e d  i n c r e a s e  f o r  1971.  An a n a l o g o u s  c a l c u l a t i o n  
f o r  t h e  r u r a l  p o p u l a t i o n  y i e l d s  
1 0 6 ( - . 0 1 1 )  = -1 .17 m i l l i o n  
f o r  t h e  c o r r e s p o n d i n g  p r o j e c t e d  d e c r e a s e  i n  t h e  r u r a l  p o p u l a t i o n .  
These  c h a n g e s  i m p l y ,  f o r  1971 ,  a n  u r b a n  p o p u l a t i o n  o f  139 m i l -  
l i o n ,  a  r u r a l  p o p u l a t i o n  of 105 m i l l i o n ,  a n d  a  r a t e  o f  n a t i o n a l  
p o p u l a t i o n  i n c r e a s e  o f  
A u n i r e g i o n a l  p e r s p e c t i v e  o f  u r b a n  g r o w t h  i n  t h e  S o v i e t  
Union would d e s c r i b e  t h e  dynamics  o f  u r b a n i z a t i o n  by f o c u s i n g  o n  
t h e  n a t u r a l  i n c r e a s e  and  n e t  m i g r a t i o n  components  o f  t h e  - 0 2 5  
r a t e  o f  u r b a n  g r o w t h ,  i . e . ,  , 009  and  .016 ,  r e s p e c t i v e l y .  On t h e  
a s s u m p t i o n  t h a t  t h e s e  r a t e s  r e m a i n  f i x e d ,  a 10-yea r  p r o j e c t i o n  
g i v e s  a  1980 u r b a n  p o p u l a t i o n  o f  
Pu(1980)  = 1 3 6 ( 1 . 0 2 5 ) ' ~  = 174.09 m i l l i o n  . 
S u b t r a c t i n g  t h i s  q u a n t i t y  f rom t h e  c o r r e s p o n d i n g  p r o j e c t e d  na- 
t i o n a l  t o t a l  o f  
PT(1980)  = 242(1  .009)  = 264.68 m i l l i o n  
g i v e s ,  a s  a  r e s i d u a l ,  a  p r o j e c t e d  r u r a l  p o p u l a t i o n  o f  
P r ( 1 9 8 0 )  = 264.68 - 174.09 = 90.59 m i l l i o n  . 
An a l t e r n a t i v e  u n i r e g i o n a l  f o r m u l a t i o n  i s  one t h a t  p r o j e c t s  
t h e  r u r a l  p o p u l a t i o n  d i r e c t l y  and  o b t a i n s  t h e  n a t i o n a l  t o t a l  a s  
t h e  sum of  t h e  u r b a n  and  r u r a l  p r o j e c t i o n s .  I n  t h i s  p e r s p e c t i v e ,  
t h e  p r o j e c t e d  r u r a l  p o p u l a t i o n  i n  10 y e a r s  i s  
106 ( . 9 8 9 )  = 94.90  m i l l i o n  , 
and t h e  n a t i o n a l  t o t a l  i s  
174.09 + 94.90 = 268.99 m i l l i o n  . 
These  c a l c u l a t i o n s  s i m p l y  s e t  o u t  e x p l i c i t l y  what  was 
i m p l i c i t  i n  o u r  e a r l i e r  d i s c u s s i o n  o f  a g g r e g a t i o n .  And, a s  was 
p o i n t e d  o u t  t h e r e ,  t h e  a g g r e g a t i o n  o f  t h e  u rban  a n d  r u r a l  g rowth  
r a t e s  b e f o r e  p r o j e c t i o n  i n t r o d u c e s  a  b i a s - - a n  u n d e r p r o j e c t i o n  o f  
more t h a n  4 m i l l i o n  o v e r  a  d e c a d e .  
Both u n i r e g i o n a l  p r o j e c t i o n s  u l t i m a t e l y  l e a d  t o  a  fundamen- 
t a l  i n c o n s i s t e n c y .  The f i x e d  r a t e s  e v e n t u a l l y  empty o u t  t h e  
r u r a l  a r e a s ,  b u t  n e t  i n m i g r a t i o n  t o  t h e  u r b a n  a r e a s  c o n t i n u e s  
unchanged! I n  t h e  l o n g  r u n ,  t h e  e n t i r e  n a t i o n a l  p o p u l a t i o n  i s  
u r b a n ,  and i s  growing a t  a  r a t e  o f  .025 a  y e a r ,  even  though t h e  
annua l  r a t e  of n a t u r a l  i n c r e a s e  i n  urban a r e a s  i s  s t i l l  assumed 
t o  b e  .009.* 
A l o g i c a l  e s c a p e  from t h i s  b u i l t - i n  i n c o n s i s t e n c y  of  t h e  un i -  
r e g i o n a l  p e r s p e c t i v e  i s  t h e  a d o p t i o n  o f  a  b i r e g i o n a l  model i n  
which r a t e s  o f  m i g r a t i o n  r e f l e c t  p o p u l a t i o n s  a t  r i s k .  The urban 
r a t e  of n a t u r a l  i n c r e a s e  i s  t h e  same a s  b e f o r e ,  b u t  t h e  urban 
n e t  m i g r a t i o n  r a t e  o f  .016 now i s  decomposed i n t o  i t s  i n -  and 
o u t m i g r a t i o n  components: 
and t h e  i n m i g r a t i o n  r a t e  i s  t h e n  e x p r e s s e d  a s  t h e  p r o d u c t  of  a  
r u r a l  o u t m i g r a t i o n  r a t e  o f  -035  and t h e  r a t i o  o f  r u r a l  t o  u rban  
p o p u l a t i o n ,  . 78 .  Thus 
and urban p o p u l a t i o n  growth may b e  d e s c r i b e d  by** 
Equa t ion  ( 1 )  s t a t e s  t h a t  n e x t  y e a r ' s  u rban  p o p u l a t i o n  t o t a l  
may be  c a l c u l a t e d  by a d d i n g  t o  t h i s  y e a r ' s  u rban  p o p u l a t i o n  ( a )  
t h e  inc rement  due t o  urban n a t u r a l  i n c r e a s e ,  ( b )  t h e  decrement  
due t o  u rban  o u t m i g r a t i o n  t o  r u r a l  a r e a s ,  and ( c )  t h e  inc rement  
* W e  a r e  n o t ,  o f  c o u r s e ,  s u g g e s t i n g  t h a t  anyone would c a r r y  t h e  
p r o j e c t i o n s  forward  t o  such a n  ext reme.  N e v e r t h e l e s s ,  t h e  
assessment  o f  a  m o d e l ' s  r e a s o n a b l e n e s s  by r e f e r e n c e  t o  i t s  
a s y m p t o t i c  p r o p e r t i e s  i s  a  w e l l - e s t a b l i s h e d  p rocedure  f o r  e v a l u -  
a t i n g ,  f o r  example, a l t e r n a t i v e  models o f  compara t ive  s t a t i c s  
and dynamics i n  economics.  
**The c r u d e  m i g r a t i o n  r a t e s  a r e  assumed t o  a l s o  i n c l u d e  t h e  c o n t r i -  
b u t i o n  of b i r t h s  t o  m i g r a n t s  and m i g r a t i n g  b i r t h s .  T h i s  c o n t r i -  
b u t i o n  i s  more r e a d i l y  measured w i t h  t h e  age-d i saggrega ted  model, 
where it a p p e a r s  i n  t h e  t o p  rows of t h e  o f f - d i a g o n a l  s u b m a t r i c e s  
i n  t h e  m u l t i r e g i o n a l  p r o j e c t i o n  m a t r i x .  
due t o  r u r a l  t o  u r b a n  m i g r a t i o n .  S u b s t i t u t i n g  i n  t h e  r a t e s  
f o r  t h e  S o v i e t  Union g i v e s  t h e  a c c o u n t i n g  i d e n t i t y  
= 139.44 m i l l i o n  . 
An a n a l o g o u s  e q u a t i o n  f o r  t h e  r u r a l  p o p u l a t i o n  y i e l d s  
= 104.85  m i l l i o n  . 
Assuming, once  a g a i n ,  t h a t  t h e  v a r i o u s  r a t e s  r ema in  unchanged 
o v e r  a  10-year  p e r i o d ,  g i v e s  
A p a r t  f rom minor  e r r o r s  d u e  t o  r o u n d i n g ,  t h e  b i r e g i o n a l  
model g e n e r a t e s  t h e  same 1971 p r o j e c t i o n  a s  t h e  second  u n i r e g i o n a l  
model;  i t s  10-year  p r o j e c t i o n ,  however ,  d i f f e r s  f rom t h e  two u n i -  
r e g i o n a l  p r o j e c t i o n s .  Moreover ,  i t s  l ong- run  p r o j e c t i o n  d o e s  n o t  
l o c a t e  t h e  e n t i r e  n a t i o n a l  p o p u l a t i o n  i n t o  u r b a n  a r e a s .  I t s  
s t a b l e  d i s t r i b u t i o n  a c c o r d s  r u r a l  a r e a s  a b o u t  a  f o u r t h  ( . 2 4 3 1 )  o f  
t h e  t o t a l  s t a b l e  n a t i o n a l  p o p u l a t i o n .  
The d i f f e r e n c e s  be tween t h e  u n i r e g i o n a l  and  b i r e g i o n a l  p ro -  
j e c t i o n s  a r e  due  t o  b i a s ,  and  t h e  p r i n c i p a l  c a u s e  o f  t h i s  b i a s  
may be shown to be a consequence of treating gross migration 
flows as a net flow. To see this more clearly, consider how the 
migration specification is altered when the biregional model is 
transformed into a uniregional model. The accounting relation- 
ship in equation (1) is replaced by the expression 
where 
and U(t) is the fraction of the total national population that 
is urban at time t. In the 10-year projection, all annual rates 
are assumed to be fixed. But i , and therefore also mu, depend 
u 
on U(t), which varies during the 10 years and creates a bias. 
Bias and inconsistency may result from viewing biregional 
(and, by extension, multiregional) population systems through a 
uniregional perspective. Expressing migration's contribution to 
regional population growth solely in terms of the population in 
the region of destination, can lead to over- or underprojection 
and introduce inconsistencies in long-run projections. These 
problems of bias and inconsistency become even more important 
when age composition is taken into account. 
Age Compos i t i on  E f f e c t s  
Crude r a t e s  a r e  w e i g h t e d  c o m b i n a t i o n s  o f  a g e - s p e c i f i c  r a t e s ;  
changes  i n  a g e  c o m p o s i t i o n  a l t e r  t h e  w e i g h t s  and  p r o d u c e  changed 
c r u d e  r a t e s .  A g g r e g a t i o n  o f  a g e  g r o u p s ,  t h e r e f o r e ,  c r e a t e s  a  
b i a s  o f  i t s  own, q u i t e  a p a r t  f rom t h e  b i a s  i n t r o d u c e d  by v i e w i n g  
g r o s s  m i g r a t i o n s  f l o w s  a s  n e t  f l o w s .  T a b l e  1 i l l u s t r a t e s  t h e  
e x t e n t  o f  t h i s  a g g r e g a t i o n  b i a s  f o r  o u r  b i r e g i o n a l  i l l u s t r a t i o n  
based  on  d a t a  f o r  t h e  S o v i e t  Union. 
A b i r e g i o n a l  c o h o r t - s u r v i v a l  p r o j e c t i o n  o f  t h e  1970 USSR 
p o p u l a t i o n  t o  t h e  y e a r  2000, on  t h e  a s s u m p t i o n  o f  unchang ing  age-  
s p e c i f i c  r a t e s  o f  f e r t i l i t y ,  m o r t a l i t y ,  and  i n t e r n a l  m i g r a t i o n ,  
g i v e s  a  t o t a l  p o p u l a t i o n  o f  313.57 m i l l i o n ,  w i t h  73 p e r c e n t  o f  
t h a t  t o t a l  r e s i d i n g  i n  u r b a n  a r e a s .  The a n n u a l  g r o w t h  r a t e  o f  
t h e  u r b a n  p o p u l a t i o n  i s  .013 a n d  t h a t  o f  t h e  r u r a l  p o p u l a t i o n  is  
a l m o s t  z e r o  [rr  (2000)  = . 0 0 0 6 ] .  The n a t i o n a l  p o p u l a t i o n  a t  t h a t  
moment i n  t i m e  i s  p r o j e c t e d  t o  b e  i n c r e a s i n g  a t  t h e  r a t e  o f  .009 
p e r  y e a r .  
How d o e s  t h i s  p r o j e c t i o n  compare w i t h  o n e  p roduced  by t h e  
a g g r e g a t e  b i r e g i o n a l  model o f  t h e  p r e c e d i n g  s e c t i o n ?  The c o r r e -  
spond ing  t o t a l s  p r o v i d e d  by t h a t  model a r e  
The v e r y  s l i g h t  d i f f e r e n c e s  be tween  t h e  above  t o t a l s  and 
r a t e s  o f  g rowth  and  t h o s e  se t  o u t  i n  T a b l e  1  a r e  a consequence  
o f  a g g r e g a t i o n  b i a s ,  which  i n  t h i s  i l l u s t r a t i o n  r e s u l t s  from a n  
a g g r e g a t i o n  a c r o s s  a g e  g r o u p s .  
D i f f e r e n c e s  i n  p r o j e c t e d  t o t a l s  i n t r o d u c e d  by a g g r e g a t i o n  
have  t h e i r  c o u n t e r p a r t s  i n  d i f f e r e n c e s  i n t r o d u c e d  by decomposi-  
t i o n ,  i . e . ,  by a  d e c o u p l i n g  o f  t h e  p o p u l a t i o n  o f  i n t e r e s t  f rom 
Table 1. Uniregional and biregional cohort-survival projections of the 1970 urban 
and rural populations of the USSR to the year 2000. 
'source: Uniregional cohort-survival projections using the data in Appendix B. 
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A g e  compos i t i on 
Mean 
Age 
Annual 0.0242 -0.0133 Growth 
Rate 1 0 .0172  
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Unireqional pro jec tiotis' 
35.66 36.74 
35.86 
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Urban Rul-a1 
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0.0788 0 . 0 6 1 5  
0 .0775  0.0424 
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0.0848 0.0314 
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0.0353 0.0397 
0.0470 0.0675 
0 . 0 2 9 9  0.0586 
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0 .0710  0.OR84 
0.0696 0 .0900  
0 . 0 7 0 8  0 .0947  
0 .0725  0 .0874  
0.0741 0 .0619  
0.0720 0 .0463  
0.0678 0 .0456  
0.0809 0 . 0 5 5 5  
0 .0607  0 .0565  
0 .0695  0.01184 
0.0519 0 .0380  
0.0373 0 .0371  
0 .0516  0 .0594  
0.0344 0 .0487  
0.0957 0 . 1 4 2 1  
0.7342 0 .2658  
l . o O o o  
35.83 35.97 
35.86 
t h e  rest of  t h e  n a t i o n a l  p o p u l a t i o n  i n  o r d e r  t o  p e r m i t  i t s  s t u d y  
w i t h i n  a  u n i r e g i o n a l  p e r s p e c t i v e .  D i f f e r e n c e s  a r i s i n g  a s  a  c o n s e -  
quence  o f  s u c h  d e c o u p l i n g s  w i l l  b e  a t t r i b u t e d  t o  d e c o m p o s i t i o n  
b i a s .  
T a b l e  1  a l s o  sets  o u t  t h e  p r o j e c t e d  USSR p o p u l a t i o n  i n  t h e  
y e a r  2000 t h a t  i s  o b t a i n e d  w i t h  a  u n i r e g i o n a l  c o h o r t - s u r v i v a l  
model ( o n e  f o r  t h e  u r b a n  p o p u l a t i o n  a n d  a n o t h e r  f o r  t h e  r u r a l  
p o p u l a t i o n ) ,  a n d  t h e  d a t a  i n  t h e  Appendix B .  D i f f e r e n c e s  between 
t h e  u n i r e g i o n a l  a n d  t h e  b i r e g i o n a l  r e s u l t s  may b e  a t t r i b u t e d  t o  
d e c o m p o s i t i o n  b i a s .  Note  t h a t  t h e  s i g n i f i c a n c e  o f  t h i s  b i a s  i s  
much g r e a t e r  t h a n  t h e  a g g r e g a t i o n  b i a s  a l l u d e d  t o  e a r l i e r .  
T a b l e  2 p r e s e n t s  a  u n i r e g i o n a l  c o h o r t - s u r v i v a l  p r o j e c t i o n  
t o  t h e  y e a r  2000 f o r  t h e  t o t a l  n a t i o n a l  p o p u l a t i o n  o f  t h e  S o v i e t  
Union. The p r o j e c t e d  n a t i o n a l  t o t a l  o f  j u s t  u n d e r  323 m i l l i o n  
i s  somewhat h i g h e r  t h a n  t h a t  o f  t h e  b i r e g i o n a l  p r o j e c t i o n  and  s o  
i s  t h e  c o r r e s p o n d i n g  a n n u a l  r a t e  o f  i n c r e a s e .  T h i s  i s  a  conse -  
quence  o f  t h e  a g g r e g a t i o n  b i a s  d u e  t o  t h e  c o n s o l i d a t i o n  o f  t h e  
u r b a n  and r u r a l  p o p u l a t i o n s  b e f o r e  t h e  p r o j e c t i o n .  S u b t r a c t i n g  
e i t h e r  t h e  u r b a n  o r  t h e  r u r a l  u n i r e g i o n a l  p r o j e c t i o n s  i n  T a b l e  1  
f rom t h e  c o r r e s p o n d i n g  n a t i o n a l  t o t a l s  i n  T a b l e  2  g i v e s  t h e  o t h e r  
p r o j e c t i o n  a s  a  r e s i d u a l ,  a s  i n  t h e  U . N .  m a n u a l ' s  c o m p o s i t e  meth- 
o d s  (Appendix A ) .  
The p r o f i l e  o f  a  s c h e d u l e  o f  a g e - s p e c i f i c  n e t  m i g r a t i o n  
r a t e s ,  s u c h  a s  t h o s e  u s e d  i n  g e n e r a t i n g  t h e  u n i r e g i o n a l  p r o j e c -  
t i o n s  i n  T a b l e  1 ,  i s  d e f i n e d  by t h e  p r o f i l e s  o f  t h e  c o r r e s p o n d i n g  
a g e - s p e c i f i c  i n m i g r a t i o n  and  o u t m i g r a t i o n  r a t e s :  
The r e l a t i o n s h i p  i n  e q u a t i o n  ( 3 )  s t i l l  a p p l i e s ,  b u t  i n  t h i s  c a s e  
a g e ,  d e n o t e d  by x ,  i s  e x p l i c i t l y  a  p a r t  o f  t h e  a rgument :  
Table  2. U n i r e g i o n a l  c o h o r t - s u r v i v a l  p r o j e c t i o n  of  t h e  t o t a l  
p o p u l a t i o n  o f  t h e  USSR t o  t h e  y e a r  2000. 
Year 2000 
P o p u l a t i o n  
( i n  thousands )  I CompZEtion 
T o t a l  1 USSR / 122,855 
Mean I Age 
> I 
Annual I I 1 
Growth / R a t e  
Source :  C o h o r t - s u r v i v a l  p r o j e c t i o n  u s i n g  t h e  
f e r t i l i t y  and m o r t a l i t y  d a t a  s e t  o u t  
i n  Appendix B.  
Two i m p o r t a n t  o b s e r v a t i o n s  a r e  s u g g e s t e d  by t h e  r e l a t i o n -  
s h i p s  s e t  o u t  i n  e q u a t i o n s  ( 4 )  and  ( 5 ) .  F i r s t ,  s i n c e  t h e  a g e  
p r o f i l e  o f  n e t  m i g r a t i o n  i s  d e f i n e d  a s  a  d i f f e r e n c e ,  i t  i s  c l e a r  
t h a t  d i f f e r e n t  c o m b i n a t i o n s  o f  a g e - s p e c i f i c  i n -  a n d  o u t m i g r a t i o n  
s c h e d u l e s  c a n  g i v e  r ise t o  t h e  same a g e - s p e c i f i c  n e t  m i g r a t i o n  
s c h e d u l e .  Second,  s i n c e  t h e  i n m i g r a t i o n  s c h e d u l e  i s  i t s e l f  a  
w e i g h t e d  o u t m i g r a t i o n  s c h e d u l e ,  c h a n g e s  i n  t h e  w e i g h t s  o v e r  t i m e  
w i l l  change  t h e  a g e - s p e c i f i c  i n m i g r a t i o n  r a t e s .  Thus t h e  assump- 
t i o n  o f  a  f i x e d  i n m i g r a t i o n  ( o r  n e t  m i g r a t i o n )  s c h e d u l e  w i l l  
p roduce  a  b i a s .  
The a g e  c o m p o s i t i o n s  o f  g r o s s  m i g r a t i o n  f l o w s  i n f l u e n c e  n o t  
o n l y  t h e  p r o j e c t e d  p o p u l a t i o n  t o t a l s  a t  o r i g i n s  and  d e s t i n a t i o n s ,  
b u t  a l s o  t h e i r  a g e  c o m p o s i t i o n s  a n d ,  t h e r e f o r e ,  t h e i r  c r u d e  r a t e s  
o f  b i r t h ,  d e a t h ,  a n d  g rowth .  To emphas i ze  t h e  i m p o r t a n c e  o f  t h i s  
c o n t r i b u t i o n  t o  p o p u l a t i o n  change ,  c o n s i d e r  a  h y p o t h e t i c a l  u rban-  
r u r a l  p o p u l a t i o n  s y s t e m  w i t h  i d e n t i c a l  m i g r a t i o n  s c h e d u l e s  f o r  
b o t h  d i r e c t i o n a l  f l o w s ,  i d e n t i c a l  m o r t a l i t y  s c h e d u l e s  i n  b o t h  
r e g i o n s ,  a n d  d i f f e r e n t  f e r t i l i t y  l e v e l s  ( b u t  w i t h  i d e n t i c a l  a g e  
p r o f i l e s ) .  F u r t h e r ,  t o  remove t h e  p o s s i b l y  c o n f u s i n g  i n f l u -  
e n c e s  o f  i n i t i a l  c o n d i t i o n s ,  c o n s i d e r  t h i s  p o p u l a t i o n  o n l y  a f t e r  
it h a s  e n t e r e d  a  s t a t e  o f  s t a b l e  g rowth  a n d  t h e r e f o r e  h a s  " f c r -  
g o t t e n "  i t s  p a s t .  How a r e  t h e  c h a n g e s  i n  f e r t i l i t y  l e v e l s  i n  
t h e  r u r a l  p o p u l a t i o n  t r a n s m i t t e d  t o  t h e  u r b a n  p o p u l a t i o n ?  
F i g u r e  1 i l l u s t r a t e s  t h e  a g e  c o m p o s i t i o n s  o f  t h e  h y p o t h e t i c a l  
u r b a n  a n d  r u r a l  p o p u l a t i o n s  f o r  t h r e e  d i f f e r e n t  l e v e l s  o f  f e r t i l -  
i t y  i n  t h e  r u r a l  r e g i o n  ( g r o s s  r e p r o d u c t i o n  r a t e s  o f  1 ,  2 ,  and  3 ,  
r e s p e c t i v e l y ) ,  and  a  f i x e d  g r o s s  r e p r o d u c t i o n  r a t e  o f  u n i t y  i n  
t h e  u r b a n  r e g i o n .  I n  a l l  t h r e e  c a s e s ,  t h e  e x p e c t a t i o n  o f  l i f e  
a t  b i r t h  i s  70 y e a r s  i n  e a c h  r e g i o n ,  a n d  70 p e r c e n t  o f  t h a t  l i f e -  
t i m e  i s  assumed t o  b e  l i v e d  i n  t h e  r e g i o n  o f  b i r t h  ( f o r  f u r t h e r  
d e t a i l s ,  see Rogers  a n d  C a s t r o  1976:47-54) .  
The mos t  i m p o r t a n t  c o n c l u s i o n  i n d i c a t e d  by  F i g u r e  1  i s  t h a t  
t h e  a g e  c o m p o s i t i o n  o f  t h e  h y p o t h e t i c a l  u r b a n  p o p u l a t i o n  c h a n g e s  
even  though i t s  f e r t i l i t y  and  m o r t a l i t y  s c h e d u l e s  d o  n o t .  The 
change  o c c u r s  s o l e l y  a s  a  consequence  o f  m i g r a t i o n  from t h e  r u r a l  
a r e a s .  The h i g h e r  t h e  l e v e l  o f  f e r t i l i t y  i n  r u r a l  a r e a s .  t h e  
REGION 1 
R u r a l  
REGION 2 
Urban 
I . . . , . . . . 
80 60 10 20 0 20 10 60 80 AGE 
S o u r c e :  Rogers  and  C a s t r o  ( 1 9 7 6 : 5 3 ) .  
F i g u r e  1 .  H y p o t h e t i c a l  r u r a l - u r b a n  p r o j e c t i o n s .  
l a r g e r  i s  t h e  f l o w  of  m i g r a n t s  i n t o  u r b a n  a r e a s  a n d ,  b e c a u s e  most  
m i g r a n t s  a r e  young,  t h e  younger  ( and ,  o f  c o u r s e ,  t h e  l a r g e r )  i s  
t h e  u r b a n  p o p u l a t i o n .  Note t h a t  t h e s e  dynamics c o u l d  n o t  o c c u r  i n  
a  u n i r e g i o n a l  model ;  o n c e  t h a t  model was c a l i b r a t e d  f o r  a  p a r t i c u -  
l a r  moment i n  t i m e ,  any s u b s e q u e n t  c h a n g e s  i n  r u r a l  f e r t i l i t y  
would n o t  a f f e c t  t h e  u r b a n  p o p u l a t i o n s .  T h i s  s u g g e s t s  t h a t  i n f e r -  
e n c e s  made a b o u t  f e r t i l i t y  l e v e l s  i n  t h e  c o n t e x t  o f  a  p e r s p e c t i v e  
t h a t  i g n o r e s  t h e  fundamen ta l  n o t i o n  o f  p o p u l a t i o n s  a t  r i s k  i n  t h e  
r e g i o n s  o f  o u t m i g r a t i o n  c a n  b e  s e r i o u s l y  i n  e r r o r .  
D i s a g g r e g a t e d  P r o j e c t i o n s  
The d i s c u s s i o n  u n t i l  now h a s  r e v o l v e d  a round  u n i r e g i o n a l  
v e r s u s  b i r e g i o n a l  models  a s  a l t e r n a t i v e  means f o r  a c c o m p l i s h i n g  
t h e  same end:  a  p r o j e c t i o n ,  d i s a g g r e g a t e d  by a g e ,  o f  a  n a t i o n ' s  
u r b a n  and  r u r a l  p o p u l a t i o n s .  W e  now t u r n  t o  a  c o n s i d e r a t i o n  o f  
ends  t h a t  c a n  o n l y  be  a c h i e v e d  w i t h  t h e  u s e  o f  b i r e g i o n a l  and  
m u l t i r e g i o n a l  models :  p r o j e c t i o n s  d i s a g g r e g a t e d  by a g e  and  
-
r e s i d e n c e - d u r a t i o n  s t a t u s .  Because  u n i r e g i o n a l  models  d o  n o t  
f o c u s  on g r o s s  m i g r a t i o n  f l o w s ,  t h e y  c a n n o t  f o l l o w  t h e  m i g r a t i o n  
p a t h s  o f  p a r t i c u l a r  p o p u l a t i o n  g r o u p s  o v e r  t i m e ;  b i r e g i o n a l  and 
r n u l t i r e g i o n a l  m o d e l s ,  on t h e  o t h e r  hand ,  c a n  i d e n t i f y  t h e  l i f e  
h i s t o r i e s  o f  s u c h  g r o u p s ,  a n d  t h i s  g i v e s  them a  d e c i s i v e  advan- 
t a g e  o v e r  u n i r e g i o n a l  models .  
P r o j e c t i o n s  d i s a g g r e g a t e d  by a g e  a n d  r e s i d e n c e - d u r a t i o n  
s t a t u s  h a v e  b o t h  a  r e t r o s p e c t i v e  and  a  p r o s p e c t i v e  a s p e c t .  F o r  
example ,  g i v e n  o u r  e a r l i e r  p r o j e c t i o n s  t o  t h e  y e a r  2000 o f  t h e  
u r b a n  and  r u r a l  p o p u l a t i o n s  o f  t h e  S o v i e t  Union,  we may wi sh  t o  
i d e n t i f y  how many o f  t h e  p r o j e c t e d  u r b a n  r e s i d e n t s  w e r e  l i v i n g  
i n  r u r a l  a r e a s  a t  t h e  s t a r t  o f  t h e  p r o j e c t i o n  p e r i o d  ( i . e . ,  i n  
1970)  o r  5 y e a r s  a g o .  O r  w e  may b e  i n t e r e s t e d  i n  d e t e r m i n i n g  
what  f r a c t i o n  o f  t h e  p r o j e c t e d  u r b a n  d w e l l e r s  w e r e  b o r n  i n  r u r a l  
a r e a s  ( i . e . ,  are " a l i e n "  r e s i d e n t s ) ,  and  wha t  p r o p o r t i o n  a r e  
u rban  " n a t i v e s " .  And among u r b a n  n a t i v e s ,  how many n e v e r  m i g r a t e d  
a t  a l l ,  i . e . ,  w e r e  " s t a y e r s " ?  How many were  " r e t u r n e r s " ?  
P r o s p e c t i v e l y ,  w e  may a s k ,  wha t  p r o p o r t i o n  o f  t h e  1970 S o v i e t  
r u r a l  p o p u l a t i o n  w i l l  b e  l i v i n g  i n  u r b a n  a r e a s  i n  t h e  y e a r  2000? 
O r  we may wi sh  t o  c a l c u l a t e ,  on 1970 r a t e s ,  t h e  f r a c t i o n  o f  a n  
a v e r a g e  l i f e t i m e  t h a t  a baby j u s t  b o r n  i n  a  r u r a l  v i l l a g e  i n  t h e  
S o v i e t  Union c a n  e x p e c t  t o  l i v e  i n  t h e  u r b a n  s e t t l e m e n t s  o f  t h a t  
n a t i o n .  
To answer  t h e s e  and  r e l a t e d  q u e s t i o n s ,  l e t  u s  b e g i n  by 
d i v i d i n g  t h e  r e s i d e n t  u r b a n  p o p u l a t i o n  o f  a  n a t i o n  i n t o  n a t i v e s  
a n d  a l i e n s :  
r e s i d e n t s  = n a t i v e s  + a l i e n s  , 
where  t h e  a d d i t i o n a l  s u b s c r i p t  on t h e  l e f t  o f  t h e  p o p u l a t i o n  
v a r i a b l e ,  P, d e n o t e s  t h e  r e g i o n  o f  b i r t h  ( t h e  r i g h t  s u b s c r i p t  
d e n o t e s  t h e  r e g i o n  o f  r e s i d e n c e ,  as b e f o r e )  .* 
*Al though w e  speak  o f  " r e g i o n  o f  b i r t h " ,  it s h o u l d  b e  c l e a r  t h a t  
w e  i n s t e a d  c o u l d  c o n s i d e r  " r e g i o n  o f  r e s i d e n c e  i n  1970" ( o r  a t  
some o t h e r  p a s t  moment i n  t i m e )  . 
The a c c o u n t i n g  r e l a t i o n s h i p  f o r  c a l c u l a t i n g  u rban  r e s i d e n t s  
was g i v e n  e a r l i e r  a s  e q u a t i o n  ( 1 ) .  The same e q u a t i o n  may b e  used 
f o r  o b t a i n i n g  u rban  n a t i v e s  s imply  by i n t r o d u c i n g  t h e  p l a c e  o f  
b i r t h  s u b s c r i p t  and a l l o c a t i n g  t h e  new b i r t h s  d u r i n g  t h e  y e a r  t o  
t h e  " n a t i v e "  p o p u l a t i o n :  * 
P  (t) = (1 + bU - d U  - 0 ) P  ( t  - 1) + o r  U P r ( t  - 1) + bU 
u u u u u  
P  ( t  - 1) . ( 7 )  
Analogous r e l a t i o n s h i p s  may b e  d e f i n e d  f o r  P ( t ) ,  U P r ( t ) ,  and 
r u 
P ( t ) .  I t  i s  assumed t h a t  n a t i v e s  and a l i e n s  e x p e r i e n c e  t h e  
r r 
same f e r t i l i t y ,  m o r t a l i t y ,  and m i g r a t i o n  r a t e s ,  i . e . ,  t h o s e  p r e -  
v a i l i n g  a t  t h e i r  r e g i o n  o f  r e s i d e n c e ,  and  a l l  b i r t h s  t o  a l i e n  
m i g r a n t s  a r e  added t o  t h e  a l i e n  p o p u l a t i o n  s t o c k .  
For  i l l u s t r a t i v e  p u r p o s e s ,  assume t h a t  a  h a l f  o f  t h e  1970 
S o v i e t  Un ion ' s  urban p o p u l a t i o n  was born  i n  r u r a l  a r e a s  and t h a t  
one  t e n t h  o f  i t s  r u r a l  p o p u l a t i o n  was born  i n  u rban  a r e a s .  Then 
Reexpress ing  t h e  above e q u a t i o n s  i n  m a t r i x  form g i v e s  
* I n  a  fo r thcoming  p a p e r  which c o n s i d e r s  t h e  a g e - d i s a g g r e g a t e d  
model,  a  f r a c t i o n  of  t h e  b i r t h s  t o  a l i e n  m i q r a n t s  i s  added t o  
t h e  n a t i v e  p o p u l a t i o n  i n  t h e  d e s t i n a t i o n  r e g i o n ,  t r a n s f o r m i n g  
f o u r  o f  t h e  z e r o e s  i n  t h e  m a t r i x  below i n t o  p o s i t i v e  q u a n t i t i e s .  
a n d ,  r e p e a t i n g  t h e  m u l t i p l i c a t i o n  30 t i m e s ,  y i e l d s  
The same r e s u l t  may b e  o b t a i n e d  i n  a s i n g l e  m a t r i x  m u l t i p l i -  
c a t i o n  i f  t h e  m a t r i x  o f  g rowth  rates  i s  f i r s t  r a i s e d  t o  t h e  3 0 t h  
power,  a s  i s  d e m o n s t r a t e d  i n  F i g u r e  2A.  
The g rowth  m a t r i x  o f  t h a t  m u l t i p l i c a t i o n  may b e  a g g r e g a t e d  
t o  p roduce  t h e  p r e v i o u s  u r b a n - r u r a l  p r o j e c t i o n s  w i t h o u t  r e f e r e n c e  
t o  p l a c e  o f  b i r t h  ( F i g u r e  2B) .  An a n a l o g o u s  m a t r i x ,  w i t h  t h e  
e f f e c t s  o f  f e r t i l i t y  d e l e t e d  ( F i g u r e  2 C ) ,  g i v e s ,  f o r  example,  t h e  
p r o p o r t i o n  o f  t h e  i n i t i a l  r u r a l  p o p u l a t i o n  t h a t  o n e  may e x p e c t  t o  
f i n d  i n  u r b a n  a r e a s  i n  t h e  y e a r  2000 ( i . e . ,  0 . 4 5 ) .  
A number o f  i n t e r e s t i n g  c o n c l u s i o n s  may b e  drawn a t  t h i s  
p o i n t .  F i r s t ,  on 1970 ra tes ,  r o u g h l y  o n e  f i f t h  o f  t h e  u rban  pop- 
u l a t i o n  i n  t h e  y e a r  2000 w i l l  c o n s i s t  o f  p e o p l e  who l i v e d  i n  r u r a l  
a r e a s  i n  1970; and ,  g i v e n  o u r  e a r l i e r  a s s u m p t i o n s  r e q a r d i n g  p l a c e  
o f  b i r t h ,  almost o n e - h a l f  o f  t h e  u r b a n  p o p u l a t i o n  w i l l  b e  com- 
p r i s e d  o f  r u r a l  b o r n .  Second,  a l t h o u g h  t h e  n a t i o n a l  p o p u l a t i o n  
2A. P r o j e c t i o n  o f  t h e  u r b a n  a n d  r u r a l  p o p u l a t i o n s  t o  t h e  
y e a r  2000, d i s a g g r e g a t e d  b y  p l a c e  o f  b i r t h .  
2B. P r o j e c t i o n  o f  t h e  u r b a n  a n d  r u r a l  p o p u l a t i o n s  t o  t h e  
y e a r  2000. 
2C. S u r v i v o r s  o f  t h e  1970 r u r a l  p o p u l a t i o n  i n  t h e  y e a r  
2000. 
F i g u r e  2.  A l t e r n a t i v e  p r o j e c t i o n s  o f  t h e  1970 u r b a n  a n d  
r u r a l  p o p u l a t i o n s  o f  t h e  USSR t o  t h e  y e a r  2000. 
w i l l  b e  growing  a t  a n  a n n u a l  r a t e  o f  j u s t  unde r  one  p e r c e n t ,  t h e  
growth r a t e  o f  " a l i e n s "  i n  t h e  r u r a l  r e g i o n s  w i l l  b e  a b o u t  t w i c e  
a s  h i g h ,  and  t h a t  o f  t h e  " a l i e n s "  i n  t h e  u r b a n  r e g i o n  w i l l  be  
a b o u t  50 p e r c e n t  l ower .  F i n a l l y ,  a s  i s  t o  b e  e x p e c t e d  i n  a  na- 
t i o n a l  p o p u l a t i o n  e x p e r i e n c i n g  h i g h  l e v e l s  o f  r u r a l  t o  u r b a n  m i -  
g r a t i o n ,  t h e  o n l y  d e c l i n i n g  r a t e  o f  growth  i s  e x h i b i t e d  by t h e  
r u r a l  " n a t i v e "  p o p u l a t i o n .  
E q u a t i o n  ( 6 )  d i s a g g r e g a t e d  r e s i d e n t s  i n t o  n a t i v e s  and  a l i e n s .  
A f u r t h e r  d i s a g g r e g a t i o n  o f  n a t i v e s  i n t o  s t a y e r s  and  r e t u r n e r s  
may be  u s e f u l  i n  c e r t a i n  c i r c u m s t a n c e s .  S t a y e r s  a r e  n a t i v e s  who 
have n e v e r  m i g r a t e d  o u t  o f  t h e i r  r e g i o n  o f  b i r t h ;  r e t u r n e r s  a r e  
n a t i v e s  who have  b u t  who have  r e t u r n e d .  
A d i s a g g r e g a t i o n  o f  a l i e n s  i n t o  " o l d "  and  "new" a l i e n s  a l s o  
may b e  o f  i n t e r e s t ,  e . g . ,  i n  s t u d i e s  o f  t h e  a s s i m i l a t i o n  o f  m i -  
g r a n t s .  L e t  new a l i e n s  b e  a l l  a l i e n s  who i n m i g r a t e d  d u r i n g  t h e  
most  r e c e n t  u n i t  i n t e r v a l  o f  t i m e .  A l l  o t h e r  a l i e n s  a r e  - o l d  
a l i e n s .  T h i s  t h e n  s u g g e s t s  t h e  f o l l o w i n g  d i s a g g r e g a t e d  p o p u l a t i o n  
p r o j e c t i o n  : 
r e s i d e n t s  = s t a y e r s  + r e t u r n e r s  + o l d  a l i e n s  + new a l i e n s .  
A number o f  c o m p l i c a t i o n s  a r i s e  a s  a  consequence  o f  such  a  
d e c o m p o s i t i o n ,  a n d  t h e  i n t r o d u c t i o n  o f  a g e  b r i n g s  w i t h  i t  a d d i -  
t i o n a l  p rob lems .  A d i s c u s s i o n  o f  t h e s e  d i f f i c u l t i e s  and  t h e i r  
r e s o l u t i o n  i s  beyond t h e  s c o p e  o f  t h i s  p a p e r ,  b u t  a n  ove rv iew o f  
t h e  k i n d  o f  r e s u l t s  t h a t  emerge may b e  s k e t c h e d  o u t  a s  f o l l o w s .  
Imagine  a  b i r e g i o n a l  u r b a n - r u r a l  l i f e  t a b l e  w i t h  e a c h  r e g i o n  
r e c e i v i n g  a  r a d i x  o f  a  s i n g l e  b i r t h  p e r  y e a r .  T h e s e  i n f a n t s  a r e  
exposed  t o  a g e - r e g i o n - s p e c i f i c  r eg imes  o f  m o r t a l i t y  and  m i g r a t i o n  
t o  g e n e r a t e  a  l i f e  t a b l e  and  i t s  s t a t i o n a r y  u r b a n  and  r u r a l  popu- 
l a t i o n s ,  d i s a g g r e g a t e d  by r e g i o n s  o f  b i r t h  and  r e s i d e n c e ,  p and  by 
s t a t u s  ( i . e . ,  s t a y e r s ,  r e t u r n e r s ,  o l d  a l i e n s ,  and  new a l i e n s ) .  
What i s  t h e  p r o p o r t i o n a l  d i s t r i b u t i o n  of  e a c h  r e g i o n ' s  s t a t i o n a r y  
p o p u l a t i o n  between t h e  f o u r  s t a t u s e s ,  and what  i s  t h e  mean a g e  o f  
t h e s e  f o u r  p o p u l a t i o n s ?  F i n a l i y ,  what  a r e  t h e  r e s p e c t i v e  p l a c e -  
and  s t a t u s - s p e c i f i c  e x p e c t a t i o n s  o f  i i f e  a t  b i r t h ,  s a y ?  T a b l e  3 
T a b l e  3. B i r e g i o n a l  l i f e  t a b l e  p o p u l a t i o n  f o r  t h e  USSR: 1 9 7 0  m o r t a l i t y  a n d  m i g r a t i o n  
s c h e d u l e s  and  u n i t  r a d i c e s .  
Source :  C a l c u l a t e d  u s i n g  t h e  m i g r a t i o n  a n d  m o r t a l i t y  d a t a  set  o u t  i n  Appendix B.  
Region 
o f  
R e s i d e n c e  
Urban 
P o p u l a t i o n  
( o r  L i f e  Expec tancy)  
S h a r e  o f  T o t a l  
Mean Age 
Rural 
P o p u l a t i o n  
( o r  L i f e  Expec tancy)  
S h a r e  o f  T o t a l  
Mean Age 
R e s i d e n t s  
69 .87  
1  . O O  
37 .54  
69 .96  
1  . O O  
3 7 . 5 5  
A l i e n s  N a t i v e s  
Old A l i e n s  
7.90  
.11  
50 .34  
36 .00  
. 51  
48 .99  
S t a y e r s  
49.55  
.71 
32 .81  
21 .94  
.31  
1 6 . 7 5  
N e w  A l i e n s  
2 .58  
.04  
34 .33  
5.19 
.07  
25 .81  
R e t u r n e r s  
9 . 8 4  
.14  
51  .92  
6 .84  
. 10  
52 .98  
p r e s e n t s  s u c h  i n f o r m a t i o n  f o r  t h e  u r b a n - r u r a l  l i f e  t a b l e  popu la -  
t i o n s  of  t h e  USSR, c a l c u l a t e d  u s i n g  t h e  1970 m o r t a l i t y  and  migra-  
t i o n  s c h e d u l e s  s e t  o u t  i n  Appendix B.  
On 1970 r a t e s ,  a  baby b o r n  i n  a  r u r a l  v i l l a g e  c o u l d  e x p e c t  
t o  l i v e  a l m o s t  60 p e r c e n t  o f  i t s  l i f e t i m e  i n  a n  u r b a n  a r e a  ( i . e . ,  
a s  an " a l i e n " ) .  An urban-born  baby ,  on t h e  o t h e r  hand ,  c o u l d  
e x p e c t  t o  l i v e  a b o u t  1 5  p e r c e n t  o f  i t s  l i f e t i m e  i n  r u r a l  a r e a s .  
The 1970 r a t e s  g e n e r a t e  an  u r b a n  p o p u l a t i o n  71 p e r c e n t  o f  whom 
n e v e r  l e a v e  u r b a n  a r e a s ,  more t h a n  t w i c e  t h e  c o r r e s p o n d i n g  p e r -  
c e n t a g e  f o r  t h e  r u r a l  p o p u l a t i o n .  F i n a l l y ,  a l t h o u g h  t h e  a v e r a g e  
a g e s  o f  t h e  u r b a n  a n d  r u r a l  s t a t i o n a r y  p o p u l a t i o n s  a r e  i d e n t i c a l ,  
t h o s e  o f  t h e i r  c o n s t i t u e n t  s u b c a t e g o r i e s  v a r y  c o n s i d e r a b l y .  R e -  
t u r n i n g  and  o l d  a l i e n s  e x h i b i t  mean a g e s  o f  a b o u t  50 y e a r s ,  
whereas  s t a y e r s  and  new a l i e n s  show mean a g e s  t h a t  a r e  much youn- 
g e r .  
CONCLUSION 
T h i s  p a p e r  h a s  f o c u s e d  on a l t e r n a t i v e  methods f o r  p r o j e c t i n g  
s u b n a t i o n a l  p o p u l a t i o n s ,  s u c h  a s  u r b a n  a n d  r u r a l  p o p u l a t i o n s .  I t  
h a s  a r g u e d  t h a t  m u l t i r e g i o n a l  models  a r e  s u p e r i o r  t o  u n i r e g i o n a l  
models  i n  a  number o f  r e s p e c t s .  F i r s t ,  u n i r e g i o n a l  models  c a n  
i n t r o d u c e  a  b i a s  i n t o  t h e  p r o j e c t i o n s ,  and  t h e y  may p roduce  i n -  
c o n s i s t e n t  r e s u l t s  i n  l o n g - t e r m  p r o g n o s e s .  Second ,  t h e  e f f e c t s  
o f  changes  i n  a g e  c o m p o s i t i o n s  on m i g r a t i o n  p a t t e r n s  c a n  b e  v e r y  
i m p o r t a n t ,  y e t  a  u n i r e g i o n a l  a p p r o a c h  f i x e s  t h e s e  e f f e c t s  a t  t h e  
s t a r t  o f  t h e  p r o j e c t i o n  a n d  t h e r e b y  c a n  i n t r o d u c e  a  p o t e n t i a l l y  
s e r i o u s  b i a s  i n t o  t h e  p r o j e c t i o n .  F i n a l l y ,  m u l t i r e g i o n a l  models  
h a v e  a  d e c i s i v e  a d v a n t a g e  o v e r  u n i r e g i o n a l  models  i n  t h a t  t h e y  
a l o n e  c a n  f o l l o w  s u . b c a t e g o r i e s  o f  a  p o p u l a t i o n  o v e r  t i m e ,  Thus 
t h e y  c a n  p r o d u c e  d i s a g g r e g a t e d  p r o j e c t i o n s  t h a t  a r e  i m p o s s i b l e  
t o  o b t a i n  w i t h  u n i r e g i o n a l  models .  
The p r i n c i p a l  a d v a n t a g e  o f  u n i r e g i o n a l  models  o v e r  m u l t i r e -  
g i o n a l  models  l i e s  i n  t h e i r  more modes t  d a t a  r e q u i r e m e n t s .  Age- 
s p e c i f i c  g r o s s  m i g r a t i o n  d a t a  a r e  f r e q u e n t l y  u n a v a i l a b l e ,  whe reas  
s u r v i v a l  methods may b e  u s e d  t o  i n f e r  n e t  m i g r a t i o n  f l o w s .  Thus 
u n i r e g i o n a l  models  a r e  more r e a d i l y  a p p l i c a b l e  t o  mos t  subna-  
t i o n a l  p o p u l a t i o n  p r o j e c t i o n s .  However, r e c e n t  deve lopmen t s  i n  
the construction and application of "model" migration schedules 
promise a relaxation of the data problem in the future (Rogers, 
Raquillet, and Castro 1978). 
Finally, we have considered only the nonbehavioral "measure- 
ment and dynamics" aspects of the projection problem. A logical 
next step is to connect the demographics with the socioeconomics 
to examine whether the net-migration-based uniregional perspective 
may indeed be a perfectly adequate specification when used in a 
forecasting model and in the context of a particular theory of 
population and development. Such an approach is adopted by 
Kelley and Weiss (1969), for example, who conclude, on theoretical 
grounds, that a biregional model of the kind described in this 
paper is inconsistent with a wage adjustment model of migration 
and reflects instead the behavior of a stock-adjustment model. 
They argue that inasmuch as the former perspective seems to have 
received broader empirical support, the biregional (Markovian) 
model is likely to understate the population changes required for 
an equilibrium to arise. 
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APPENDIX A: U . N .  METHODS FOR PROJECTING URBAN AND RURAL 
POPULATIONS 
The c u r r e n t  " s t a t e  o f  t h e  a r t "  i n  u rban  and r u r a l  popu- 
l a t i o n  p r o j e c t i o n ,  u s i n g  e s s e n t i a l l y  u n i r e g i o n a l  methods ,  ap-  
p e a r s  i n  a  r e c e n t  U n i t e d  N a t i o n s  (1974) manual e n t i t l e d :  
Methods f o r  P r o j e c t i o n s  o f  Urban and Rural  PopuZat ion .  F o r  a l l  
b u t  one  method rev iewed ,  t h e  manual assumes t h a t  n a t i o n a l  popu- 
l a t i o n  p r o j e c t i o n s  have  a l r e a d y  been  c a r r i e d  o u t .  Thus,  t h e  
t a s k  e n v i s i o n e d  i s  one  o f  p r o j e c t i n g  o n l y  t h e  u r b a n  ( o r  r u r a l )  
p o p u l a t i o n  and t h e n  o b t a i n i n g  t h e  c o r r e s p o n d i n g  r u r a l  ( o r  u r b a n )  
p r o j e c t i o n  by s u b t r a c t i n g  t h e  fo rmer  from t h e  n a t i o n a l  p r o j e c -  
t i o n .  
Four  t y p e s  o f  methods a r e  d i s t i n g u i s h e d  i n  t h e  U . N .  manual ,  
namely ( U . N .  1974:3-4) : 
a )  Globa l  methods;  i n  t h e s e  n e i t h e r  t h e  sex-age  
compos i t ion  o f  t h e  p o p u l a t i o n  n o r  t h e  component t r e n d s  
o f  urban  and r u r a l  growth  ( f e r t i l i t y ,  m o r t a l i t y ,  migra-  
t i o n  and a r e a  r e c l a s s i f i c a t i o n )  form p a r t  o f  t h e  b a s i c  
c a l c u l a t i o n ;  
b )  Composite methods;  h e r e ,  t h e  c a l c u l a t i o n  con- 
s i d e r s  t h e  sex-age  c o m p o s i t i o n  o f  t h e  u rban  and r u r a l  
p o p u l a t i o n ,  b u t  n o t  t h e  s e p a r a t e  e f f e c t s  o f  component 
t r e n d s  ( f e r t i l i t y ,  m o r t a l i t y ,  m i g r a t i o n  and a r e a  re- 
c l a s s i f i c a t i o n ) ;  
c )  Crude component methods :  u r b a n  and  r u r a l  t r e n d  
components  ( f e r t i l i t y ,  m o r t a l i t y ,  m i g r a t i o n  and a r e a  
r e c l a s s i f i c a t i o n )  a r e  c o n s i d e r e d  s e p a r a t e l y ,  b u t  n o t  
t h e  s ex -age  c o m p o s i t i o n  o f  t h e  p o ? u l a t i o n ;  and  
d )  C o h o r t - s u r v i v a l  methods ,  where u s e  i s  made o f  t h e  
s ex -age  d e t a i l  o f  t h e  u r b a n  and  r u r a l  p o p u l a t i o n  and 
t h e  i n c i d e n c e  o f  f e r t i l i t y ,  m o r t a l i t y  and m i g r a t i o n  
(and  p o s s i b l y  a r e a  r e c l a s s i f i c a t i o n )  by g r o u p s  o f  
s e x  and  a g e .  
These  f o u r  methods  may b e  c o n v e n i e n t l y  l o c a t e d  i n  a  two-by- 
two t a b l e ,  whose rows r e f e r  t o  t h e  p r e s e n c e  o r  a b s e n c e  o f  
components-of-change i n  t h e  model ,  a n d  whose columns d i f f e r e n t i a t e  
models  w i t h  r e g a r d  t o  t h e  p r e s e n c e  o r  a b s e n c e  o f  age - sex  d e t a i l s :  
Age-sex d e t a i l s  
Component d e t a i l s  No Y e s  
No a )  G l o b a l  b )  Compos i te  
methods methods 
c )  Crude  d )  Cohor t -  
Y e s  component s u r v i v a l  
methods methods 
G l o b a l  methods c o n s i d e r  o n l y  p o p u l a t i o n  t o t a l s  a n d  t h e i r  
r e s p e c t i v e  r a t e s  o f  g rowth .  S i n c e  a  n a t i o n a l  p o p u l a t i o n  p r o j e c -  
t i o n  i s  assumed t o  b e  a v a i l a b l e ,  a n  enumera ted  c u r r e n t  u r b a n  pop- 
u l a t i o n  a n d  i t s  assumed f u t u r e  g rowth  r a t e  a r e  s u f f i c i e n t  i n p u t s  
f o r  a  p r o j e c t i o n  o f  t h e  u r b a n  p o p u l a t i o n  a n d ,  by s u b t r a c t i o n ,  o f  
t h e  c o r r e s p o n d i n g  r u r a l  p o p u l a t i o n .  
An a l t e r n a t i v e  g l o b a l  method i s  o n e  t h a t  f o c u s e s  on o b s e r v e d  
and  a n t i c i p a t e d  r a t i o s  ( o r  d i f f e r e n c e s )  be tween  s u b n a t i o n a l  
( e . g . ,  u r b a n )  a n d  n a t i o n a l  p o p u l a t i o n s  ( o r  g rowth  r a t e s )  . The 
a p p l i c a t i o n  o f  s u c h  r a t i o s  t o  a  g i v e n  n a t i o n a l  p r o j e c t i o n ,  f o r  
example ,  c a n  p r o d u c e  t h e  c o r r e s p o n d i n g  u r b a n  and  r u r a l  p r o j e c -  
t i o n s .  
Compos i te  methods depend  o n  t h e  a v a i l a b i l i t y  o f  age - sex  com- 
p o s i t i o n s  f o r  p o p u l a t i o n s  i n  t w o  c o n s e c u t i v e  c e n s u s e s .  They u s e  
a g e - s e x - s p e c i f i c  u r b a n  r e s i d e n c e  r a t i o s  t o  p r o j e c t  e i t h e r  f i x e d  
age - sex  g r o u p s  o r  c o h o r t s .  The f o r m e r  p e r s p e c t i v e  assumes  t h a t  
t h e  p r o p e n s i t y  o f  a  n a t i o n a l  p o p u l a t i o n  t o  r e s i d e  i n  urban a r e a s  
v a r i e s  by a g e  and  s e x  groups  and changes i n  a  p r e d i c t a b l e  manner; 
t h e  l a t t e r  f o l l o w s  a  group o f  i n d i v i d u a l s  o f  a  g i v e n  age  and sex  
o v e r  t i m e ,  a p p l y i n g  t o  them assumed t r a j e c t o r i e s  o f  u rban  r e s i -  
dence  r a t i o s .  A v a r i a n t  o f  t h e  l a t t e r  method f o c u s e s  i n s t e a d  on 
t h e  r u r a l  p o p u l a t i o n  and u s e s  m i g r a t i o n - s u r v i v a l  r a t i o s ,  resem- 
b l i n g  t h e r e b y  a  c o h o r t - s u r v i v a l  approach w i t h  s u r v i v a l  r a t i o s  
t h a t  i n c l u d e  t h e  combined e f f e c t s  o f  m o r t a l i t y  and n e t  m i g r a t i o n .  
Crude component methods do  n o t  produce  age-sex d i s a g g r e g a t e d  
p r o j e c t i o n s ,  b u t  t h e y  do  a l l o w  t h e  p o s s i b i l i t y  o f  v a r y i n g  assump- 
t i o n s  a b o u t  p a t t e r n s  o f  f u t u r e  m o r t a l i t y ,  f e r t i l i t y ,  and  
m i g r a t i o n .  Thus t h e y  may b e  used t o  show t o  what e x t e n t  urban 
and r u r a l  p o p u l a t i o n  growth i s  i n f l u e n c e d  by t h e s e  t h r e e  funda- 
menta l  components o f  change.  However, s i n c e  t h e y  d o  n o t  c o n s i d e r  
how changes i n  a g e  compos i t ion  might  a f f e c t  t h e s e  c r u d e  r a t e s ,  
t h e  p r o j e c t i o n s  t h a t  t h e y  l e a d  t o  may be s e r i o u s l y  i n  e r r o r  i n  
t h e  l o n g  r u n .  
c o h o r t - s u r v i v a l  methods combine t h e  b e s t  f e a t u r e s  of b o t h  
composi te  and component methods, b u t  t h e y  r e q u i r e  t h e  most  de- 
t a i l e d  d a t a .  They t r a c e  t h e  impact  o f  each  component o f  urban 
and r u r a l  p o p u l a t i o n  change,  by a g e  and s e x .  The i n i t i a l  urban 
and r u r a l  p o p u l a t i o n s  a r e  s u r v i v e d  forward  th rough  t i m e  by age- 
s e x - l o c a t i o n  s p e c i f i c  r a t i o s  of  f e r t i l i t y ,  m o r t a l i t y ,  and migra-  
t i o n .  The consequences  o f  a  change i n  any s i n g l e  component may 
be  a s s e s s e d ,  and a l t e r n a t i v e  " s c e n a r i o s "  o f  growth may be  d e v e l -  
oped. Thus ( U . N .  1974:4) :  
-- - 
... i f  a  t h e o r e t i c a l  model i s  r e q u i r e d ,  t h e  method 
w i l l  have t o  b e  o f  t y p e  ( d ) ,  f o r  o n l y  t h e n  can  t h e  
p r e c i s e  e f f e c t s  o f  a l t e r n a t i v e s  i n  f e r t i l i t y ,  m o r t a l i t y  
and m i g r a t i o n  t r e n d s  u p o n - t h e  s i z e  and s t r u c t u r e  o f  t h e  
r e s u l t i n g  p o p u l a t i o n s  b e  f o l l o w ~ d  th rouqh .  
None of  t h e  f o u r  U . N .  methods d e s c r i b e d  above c o n s i d e r s  
g r o s s  ( d i r e c t i o n a l )  m i g r a t i o n  f lows .  I n t e r n a l  m i g r a t i o n  i s  
viewed a s  - n e t  m i g r a t i o n ,  and a l l  o f  t h e  p o p u l a t i o n  models a r e  
t h e r e f o r e  fundamenta l ly  u n i r e g i o n a l  i n  c h a r a c t e r :  t h e y  a n a l y z e  
a  m u l t i r e g i o n a l  p o p u l a t i o n  sys tem one  r e g i o n  a t  a  t i m e .  
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S o u r c e :  R o g e r s  ( 1 9 7 6 b )  . 
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